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ABSTRACT 


An apparatus communicates over a communications channel 
and has reduced undesired local echo. The transmitter gen- 
erates a transmit signal to the communications channel in a 
frequency band outside a voice frequency band, A receiver 
receives signals from the communications channel within or 
outside the voice frequency band, and is susceptible to 
undesired local echo from the transmit signal. In one 
method, a programmable scaler is connected to the trans- 
mitter and generates a scaled replica of the transmit signal 
based upon a scaled control signal. The receiver is connected 
to the scaler and reduces the undesired local echo by 
subtraction of a scaled replica of the transmit signal. An echo 
reducing circuit senses the received signal power and gen- 
crates the scaled control signal based upon the received 
signal power to thereby reduce the undesired local echo In 
a second method, an estimate of the transfer function from 
the transmitter digital-to-analog converter to the input of a 
cancellor is developed. This is used to replicate the local 
echo path so that the canceling signal can be generated that 
is identical or very similar to the unwanted local echo in 
terms of both amplitude and phase and so is used to cancel 
it. The advantages are to reduce the complexity of the analog 
filtering and reduce the dynamic range requirements of the 
analog-to-digital converter thereby making it more easily 
integrated on one silicon chip. 

34 Claims, 3 Drawing Sheets 
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APPARATUS AND METHOD FOR 
REDUCING LOCAL INTERFERENCE IN 
SUBSCRIBER LOOP COMMUNICATION 
SYSTEM 

FIELD OF THE INVENTION 

The invention relates to communication systems, and 
more particularly, to an apparatus and method for reducing 
interference in a communication system. 

BACKGROUND OF THE INVENTION 

Communication to residences and commercial structures 
typically use a twisted pair of copper wires for telephone 
voice band transmission in a frequency range of 300 to 3,400 
Hz. When a personal computer or similar digital communi- 
cation device having a modem is in use, the telephone line 
cannot be used for a normal telephone conversation because 
the modem uses the bandwidth assigned to the voice band 
transmission. 

However, a twisted pair telephone line may have a band- 
width of several MHZ. Unfortunately in the past, the voice 
band frequency was the only bandwidth used with these 
lines because the equipment at the telephone company 
would only pass the voice band. Now, modern telephone 
equipment can support higher transmission rates. Still, 
because of the characteristics of the entire channel, end user 
telephone and data communication equipment typically use 
the same voice band. 

At higher frequencies, especially in the MHZ frequency 
range, the signals are greatly attenuated especially when 
transmitted over distances up to several thousand meters. To 
overcome this, it is necessary that any transmitter, such as a 
modem and its associated circuitry, transmits the signal at a 
much higher power than is usual to account for the signal 
attenuation. By using a frequency range above a voice 
frequency band for some transmission, such as data 
transmission, it is possible to simultaneously use the tele- 
phone for normal voice communication. 

For example, for a typical Internet user, only a few 
command signals are generated and transmitted to the Inter- 
net Service Provider on the uplink. At the same time, 
however, signals having a wide bandwidth may be received. 
In other words, the lower bandwidth requirement on the 
uplink and higher bandwidth requirement on the downlink 
defines an asymmetric communication system. Because the 
frequencies above voice band are subject to greater 
attenuation, transmitter power may be increased during or 
prior to transmission. Unfortunately, the increased transmit- 
ter power does create some difficulties, such as local echo 
which may interfere with the received signals. This 
unwanted echo may be generated by various means, such as 
any impedance mismatch between the transmitter and the 
twisted pair telephone line or other equipment connected to 
the line. These problems occur in duplex transmission when 
one wants to transmit and receive at the same time. 

One prior art approach to address the unwanted echo 
signal has provided relatively complicated analog filters in 
the circuitry of the modem. Typically, these filters may 
include a voice band and high frequency filters, as well as 
various receiver and transmitter filters. These systems 
require high order analog filtering to remove the effects of 
the transmitted signal from the receive band. 

Also, a receiver's analog- to-digital converter may need a 
very large dynamic range so that the composite received 
signal (the received signal including the echo) does not 
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saturate the analog-to-digital converter. It is also important 
to sample the desired signal with enough resolution to meet 
the required signal-to-noise ratio. This requirement is diffi- 
cult to achieve in practice. 

5 Another prior art approach has been to generate a scaled 
replica of the transmitted signal, and subtract the replica 
from the received signal to thereby remove or reduce the 
unwanted echo. In such a prior art device, a voltage scaler 
is operatively connected to the transmitter to generate the 

10 scaled replica of the transmit signal which, in turn, is fed to 
an inverting input of an amplifier to cancel the unwanted 
echo based on the transmitted signal. Typically, this type of 
device and method are limited because it was assumed that 
half of the power was transmitted to the telephone line, 

35 while half the power was reflected back into the receiver as 
unwanted interference in the entire frequency band. This 
system also anticipated a fixed line impedance (e.g., 110 
Ohms) to obtain cancellation of the unwanted echo signal 
before it reached the analog-to-digital converter of the 

20 receiver. 

As the line impedances can typically vary by ±20%, thus, 
the local echo may have a different amplitude than that 
produced by the scaler configured for a fixed line imped- 
ance. Additionally, the replicated echo cancellation signal 

25 may be ineffective due to amplitude and phase differences 
between the unwanted transmitter signal forming the echo 
and the replicated signal. This is because the scaler only tries 
to match the resistive component and ignores the inductive 
and capacitive components of the line impedance. To over- 

30 come this in the past has meant designing complex analog 
filters and high-dynamic range A/D's as mentioned previ- 
ously. 

SUMMARY OF THE INVENTION 

35 In view of the foregoing background, it is therefore an 
object of the present invention to provide an apparatus and 
method for reducing local echo in a communication system, 
particularly of a duplex communication system operating 

40 over a twisted pair telephone line. 

In one aspect of the present invention, the apparatus 
comprises a transmitter for generating a transmit signal to 
the communications channel in a frequency band outside a 
voice frequency band. A scaler is connected to the transmit- 

45 ter and generates a scaled replica of the transmit signal based 
upon a scale control signal. A receiver receives signals from 
the communications channel either within or outside the 
voice frequency band and is susceptible to undesired local 
echo from the transmit signal. The receiver is connected to 

50 the scaler and reduces the undesired local echo by subtrac- 
tion of the scaled replica of the transmit signal. An echo 
reducing means senses the received signal power and gen- 
erates the scaled control signal based upon the received 
signal power thereby reducing the undesired local echo. 

55 The echo reducing means preferably comprises a test 
means for testing the communications channel by inputting 
a predetermined test signal to the transmitter when or before 
the received signal power is being sent from the far end. The 
echo reducing means further comprises power minimizing 

60 means for setting the scaled control signal responsive to the 
minimum received signal power during testing of the com- 
munications channel. 

In another aspect of the present invention, the receiver 
comprises an amplifier having one input connected to the 

65 communications channel, and a second input connected to 
the scaler. The amplifier acts as a subtraclor because it 
subtracts or cancels the unwanted transmit signal with a 
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scaled replica of it. An an alog-to -digital convener (ADC) is In still another method aspect of the invention, the method 

connected to an output of the amplifier. The echo reducing comprises the steps of generating a transmit signal to the 

means comprises an encoder connected between an output communications channel in a frequency band above a voice 

of the ADC and a scaler. The scaler comprises voltage frequency band. The method comprises generating a scaled 

scaling means for generating a scaled voltage replica signal. 5 rep lica of the transmit signal, phase synchronized therewith, 

In still another aspect of the present invention, the scaler anc j characterizing the communications channel. The 
comprises a resistor ladder for setting the scaled control method further comprises receiving signals from the corn- 
signal. The resistor ladder comprises a plurality of tuning munications channel within or outside the voice frequency 
resistors, and a respective switch connected thereto. The band and being susceptible to undesired local echo from the 
switches are connected to and responsive to the encoder. 1Q transmit signal> and whfle rcduciag the undesired local echo 

In still another aspect of the present invention, the appa- by su b lract i on 0 f tne scaled and phase synchronized replica 

ratus comprises a transmitter for generating a transmit signal 0 jr t ^ e lransm jt s io na l 
to the communications channel in a frequency band outside 

a voice frequency band. Echo reducing means generates a BRIEF DESCRIPTION OF THE DRAWINGS 

scaled replica of the transmit signal, which is phase and 35 

amplitude adjusted therewith. The echo reducing means also Other objects, features and advantages of the present 

comprises channel characterization means for characterizing invention will become apparent from the detailed descrip- 

the communications channel. The receiver receives signals tion of the invention as follows, when considered in light of 

from the communications channel either outside or in the the accompanying drawings in which: 

voice frequency band and is susceptible to undesired local 2Q FIG. 1 is a schematic block diagram of a prior art 

echo from the transmit signal. The receiver is connected to communication apparatus using a voltage scaler to reduce 

the echo reducing means and reduces the undesired local echo. 

echo by subtraction of the amplitude and phased adjusted p 1G 2 is a schematic block circuit diagram of an appa- 

replica of the transmit signal, ratus of thc presen t invention for reducing local echo. 

In still another aspect of thc present invention, the echo 25 piG. 3 is a more detailed schematic block circuit diagram 

reducing means compnses a processor for creating a mode of a ion of lhe ams „ snown in Fia 2 . 

of the undesired local echo. This model consists of a digital _ T _ . . , c 

filter, possibly implemented in a DSP, so that the transfer 4 15 * thematic block circuit diagram of another 

function of the cancellor path (i.e., H(z), D/A, filtering and embodiment of the apparatus of the present invention where 

gain blocks) exactly or approximately matches the normal 30 a tra " sf " functl ° n of the can , cell ° r P ath 15 S? nerated to f 

transmitted local echo path in terms of both amplitude and mat u ch the normal transmitted local echo path in terms of 

phase. The channel characterization means further com- both am P litude and P hase - 

prises means for generating a test signal. The echo cancel- DETAILED DESCRIPTION OF THE CURRENT 

lation means further comprises memory means for storing a EMBODIMENT 

plurality of models relating to the respective different char- 35 

acterizations of the communications channel. The memory The present invention will now be described more fully 
means can comprise a ROM or RAM or non-volatile RAM. hereinafter with reference to the accompanying drawings, in 
In still another aspect of the present invention, the appa- which preferred embodiments of the invention are shown, 
ratus comprises an antialiasing filter. The receiver comprises This invention may, however, be embodied in many different 
an amplifier that acts as a subtractor, and has one input 40 forms and should not be construed as limited to the embodi- 
connected to the communications channel and a second ments set forth herein. Rather, these embodiments are pro- 
input connected to the echo reducing means. The echo vided so that this disclosure will be thorough and complete, 
reducing means further comprises a digital-to-analog con- and will fully convey the scope of the invention to those 
verter (DAC) connected to the second input of the amplifier. skilled in the art. Like numbers refer to like elements 
An analog-to-digital converter (ADC) can be connected to 45 throughout. 

the output of the amplifier. A low pass filter can be connected The present invention permits the reduction of local echq^ 

between the amplifier and the ADC. in a communication system ,f particularly an asymmetric 

A method aspect of the invention allows communication^ digital subscriber loop communication system /Asymmetric 

over a communications channel with reduced undesired digital subscriber loop communication systems are becom- 

local echo. The method comprises the steps of generating the 50 ing increasingly more popular. An example of such a system 

transmit signal to the communications channel in a fre- is disclosed in U.S. Pat. No. 5,461,616 to Suzuki, disclosing 

quency band outside the voice frequency band. The method an interactive television system, such as video-on-demand, 

further comprises generating a scaled replica of the transmit network game, and home shopping systems using a switch - 

signal based upon a scaled control signal. The method ing network. In this patent, the system uses an existing 

further comprises reducing the undesired local echo by 55 telephone line to form a two-way transmission of thc audio 

subtracting the scaled replica of the transmit signal from the signal at 3.4 kHz as in the case of a normal telephone system, 

received signals The method further comprises sensing Images are transmitted at 1.5 Mbps from an exchange to a 

received signal power and generating the scaled control subscriber. A control signal is transmitted which requests the 

signal based upon the received signal power to thereby desired image signal at 16 kbps from the subscriber to the 

reduce the undesired local echo. 60 exchange. This subscriber line is referred to as an asymmet- 

The method further comprises the step of reducing echo ric digital subscriber line. „ 

by testing the communications channel by inputting a pre- ■ In some asymmetric digital subscriber loop communica- ^ 

determined test signal for transmission when the unwanted \ tions (ADSL) and very high frequency digital subscriber f 

received signal power is being sensed. The method further loop communication systems (VDSL), it is known that a 
comprises the step of reducing echo by setting the scaled s65 reflected portion of the transmitted signal typically returns 

control signal responsive to sensing a minimum received back from the communications channel in the receive band r 

signal power during testing of the communications channel. as an unwanted interference signal forming the local echo*? 
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This return signal could be at a higher power level than the receiver as an unwanted interferer. If a simple amplifier 

received signal because the originally transmitted signal was circuit is used as shown in FIG. and the line impedance is 

transmitted at a much higher power to account for signal exactly 110 Q, then one would obtain cancellation of the 

attenuation based on the higher frequencies above the voice transmit signal before that signal reaches the receiver 

band. In many prior art systems, the receiver's ana log- to- 5 analog-to-digital converter 34. 

digital converter typically had to have a very large dynamic Appropriate valued resistors could be used to ensure that 

range to account for the attenuation so that the composite the transmit signal is scaled correctly to ensure that the 

received signal (the unwanted transmit signal forming the scaled signal cancels the transmit signal. However, in most 

echo and the desired receive signal) did not saturate the communication systems, the line impedance can vary by 

analog-to-digital converter. At the same time, it was neces- ±20%, such as modeled in FIG. 2. Assuming Zo=80% of 110 

sary to sample the desired signal with enough resolution to Q ( then: 
meet the required signal-to- noise ratio. In still other prior art 

systems, the use of high order analog filtering was required o.8- 1 to 

in order to remove the transmitter signal power from the Vr = 0.8 - 1 10 + 110 = 0,444 Vt 

receive band. This was a challenging design for engineers 

because of the high order filters required to adequately 

suppress the unwanted transmit signal. Ideally, Vr should equal 0.5 Vt. This is assuming an 80% 

FIG. 1 illustrates a prior art improvement over these ™match with the assumption that there is nc .perfect line 

methods outlined above by an apparatus which uses a impedance matching. Assuming there ,s an 80% mismatch, 

voltage scaler 12 for producing a scaled replica of the 20 U is stdl possible to obtain a reduction of transmuted power 

transmit signal. This scaled replica is input into an opera- JL „ , • , /~ r- ~ ^ 

tional amplifier 14, together with the received signal from ™ c uncancelled s lg nal-(0.5-0.444) Vt=0.0555 Vt. Con- 

the communications channel connected to a switch of a verting this into power, the following power cancellation is 

telephone company (Tclco) 16. As shown in FIG. 1, a obtained: 

residence is defined by dotted line 18, and includes a 25 Pr-20-iog (0.0555/0.444) dB=-i8 dB 

telephone 20 and personal computer (indicated by dotted In th is "idealized" case, it is possible to obtain a 18 dB 

lines at 22) having a modem. The telephone 20 operates on improvement in dynamic range requirements if this prior art 

a standard 300 to 3,300 hertz bandwidth, while the computer melhod ^ uscd However, in this prior art, no accommoda- 

22 includes the modem for generating and transmitting a tion for phase delay of any of lhe freque ncy components of 

transmit signal over a communications channel in a fre- 30 lhe lransmit signal is made . means lhat irj pract ice, the 

quency range above the voice frequency band. This fre- « ide&r case win never be realized) especially at higher 

quency can be over a broad spectrum. The higher frequency frequencies where the phase response of the echo path 

communications channel would be appropriate for Internet becomes more important. 

access. A low bandwidth could be used for transmitting ^ , n accofdance with the present invention as she wn'm HG?. 
signals, such as a keystroke command, while a high band- ^ 35 2y tDe power cancellation of the unwanted Irahsmil signal \ 

width could be used for downloading pictures, graphics and forming the local echo can be improved when lhe vollage \ 
other data from an Internet provider. \ scaler provides the exact amplitude replica of the transmit 

As shown in FIG. 1, data is input into a digital-to-analog , s i gna i forming the local echo.; In the embodiments of FIGS:' 

converter 28, which receives the data input from the per- 2 and 4, any common elements similar to the embodiment of 

sonal computer 22, and generates a transmit signal into the 40 piG. 1 retain similar reference numerals beginning in the 

communications channel. Any data modulation in this mod- 10 o ser ies. In the embodiment of FIG. 2, the voltage scaler 

era modem is most likely to occur before digital-to-analog 112 is responsive to a scale control signal as generated by 

conversion. This transmit signal typically has a greater echo reducing means in the form of an encoder 140, which 

power than a signal received from the Telco 16 to account generates the scale control signal to the voltage scaler 112 

for attenuation problems, using the higher frequencies above 45 Dased upon the received signal power from the analog-to- 

the voice frequency band. Generally the power of the digital converter 134, thereby reducing echo. The apparatus 

transmit signal can vary as known to those skilled in the art. ^ part 0 f a personal computer 122, communicating via 

This greater power produces a local echo, such as when the modem with Telco 116. However, the apparatus, in accor- 

signal traverses from the two wires in a residential circuit to dance w i tn the present invention, does not have to be part of 

the common four wires, causing an impedance change. 50 a personal computer. The residence 118 includes a phone 

Thus, the received signal includes an unwanted local echo.' 12 o as standard. Power sensing means 142 includes circuitry 

As shown in FIG. 1 prior art, the voltage scaler 12 for measuring the received power of the signal and in 

receives part of the transmit signal and inputs it into one conjunction with the encoder sets the scale control signal 

input of the amplifier 14, together with the signals received responsive to sensing a minimum received signal power 

from the communications channel within or outside the 55 during testing of the communications channel, 

voice frequency band, which includes the unwanted transmit Test means 144 in the form of a testing circuit is operable 

composite signal forming the local echo. The output of the for characterizing the line impedance and is operable by 

amplifier 14 is the received signal from the signal line with inputting a predetermined test signal to the transmitter when 

some cancelled echo. The receiver includes an analog-to- or before the received signal power is being sensed. It is 

digital converter 34, generating the desired output. Data 60 desirable to "test" the line by sending test signals and 

demodulation will most likely occur after analog-to-digital listening for them in the receiver band, and then optimizing 

conversion. This system, however, has a drawback because the cancellation before "real" received data is received, 

line impedance can vary by ±20%. In the structure of FIG. Several test signals may be required before optimal cancel- 

1, various assumptions can be made, such as a line imped- lation can be achieved. The voltage scaler 112 determines 

ance (Zo) that equals 110 Q±20%. 65 the amplitude of the transmit signal lhat is fed through the 

It can be assumed lhat half the power is actually trans- cancelling operational amplifier 114, which is a summing 

mitted up the line, while half the power comes back into the amplifier. 
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During a testing period, the major signal components converted by a digital-to-analog converter 170 to an analog 
coming in as the receive signal from the communications signal and input into the amplifier 114 to act as a cancellation 
channel in the receive band would be the unwanted signal signal. Typically, data modulation will occur before digital- 
forming the local echo. During a start-up operation of the to-analog conversion. Additionally, as illustrated, the signal 
apparatus shown in FIG. 2, the voltage scaler 112 could be 5 can pass through transmitter cancellor front end filtering 
established assuming that the line impedance was about HG__ 

ohms. The power sensing means 142 Would measure the / ^ dl g llal si S nal processor and associated processing 
power of the signal from the ADC 134 and with the encoder 7 circuity could use standard algorithms or other associated 
^140r?djust the voltage scaler 112 accordingly so that the j memodology knmvn to those skilled in the art, and creates 
d^d*e4o*^ the scaled Jio a for ^ "ansfer *>n«™ofXhe local echo 
i- rVu": •« • i i^u , - * . ) path H(Z). This model can be created before the digital 
rephca of the trarjpi^^^ I conversation is begun with the transmission of signals 
s made until the opUmum voltage scaling was achieved: The ^ channe| cn * acterization means 162 characl erizes the 
voltage scaling could be achieved by several different line impedance by ending test signals to measure how 
methods, including one scheme having a resistor ladder 150, effectively the cancellation is working. The optimum H(Z) 
as shown in FIG. 3, with a tap point at the central portion of is wou jd be that which causes the transfer function of the 
the resistor ladder 150 for setting the scale control signal. cancellor path (i.e., H(z), D/A 170, filter and gain block 171 
As shown in FIG. 3, the resistor ladder 150 comprises a t0 the input of the amplifier 114) to match the transfer 
plurality of tuning resistors 152 with respective switches 154 function of the local echo path (i.e., from the transmitter 
in the form of transistors, labeled in the P and D scries. Thus, digital-lo-analog converter 128 through a front end filtering 
it is evident that the resistor value is adaptably adjusted so 20 and gain circuit 129 to the input of the amplifier 114). The 
that the voltage is scaled to the amplitude. The unwanted model of the path from the transmitter digital-to-analog 
transmit signal at the top is called Vt and comes into the converter to the input of the operational amplifier can be 
resistor ladder 150, where it is emitted as "scaled Vt." The developed so that the computational overhead for the van- 
scaled Vt will be a certain ratio of the original Vt depending ous coefficients can be calculated only once before the actual 
on how many of the transistor switches are open or closed. 25 transmission of data. The plurality of different digital models 
It is evident that the scaled Vt used to cancel the unwanted relating to respective echoes characterized by different line 
Vt signal can be made as accurate as required by making the impedances can also be stored. The storage can be in ROM 
resistor ladder "deeper." The Vt as scaled can be defined by 178 or in RAM or in non-volatile RAM. 
the following equation: A low-pass filter 182 and high pass filter 182a could also 

30 be included as illustrated to further filter any cancelled 
signal before it reaches the analog-to-digital converter 134. 

R + 0. 1 T n • D n This could be beneficial because the noise bandwidth of the 

signal would otherwise be large and cause convergence 


2/? + 0.l/?(£ 2~ n -P n + I 2 d -D d ] problems in the practical implementation of the H(Z). The 

n=0 d -° 35 specification of this filter could be merged with an antialias 

filter 183 in order to reduce the cost of implementing the 

It can be shown that the maximum error is one half the whole structure. It is also possible that updating can occur 

resolution of the voltage steps. For N=4, this will be approxi- dunn & transmission using a parameter such as a bit error rate 

mately 0.01 Vt. So assuming actual unwanted TX is equal to as a nag for recharacterization of the line. Also, the digital- 

0.5 Vt, then the power cancellation will be as follows: 40 to-analog converter 170 in the cancellor path can be clocked 

at a different rate and have a different resolution (i.e., the 

Pr-20-iog (0.001/0.5) dB-54 dB number of quantization levels) than the transmit digital-to- 

FIGS. 2 and 3 have illustrated the apparatus and the analog converter 128, as it could improve the transfer 

method in accordance with one aspect of the present function matching. 

invention, where the unwanted local echo ia subtracted by 45 One major advantage of the present invention is that the 

the use of a scaled replica of the local echo from the received components as described can be fabricated on one semicon- 

signal. It should be noted that the apparatus would not have ductor substrate, thus reducing costs. Without this invention, 

an effect on phase delays and frequency distortions on the the design would require complex analog filtering and an 

transmitted signal. analog-to-digital converter with very high dynamic range. 

FIG. 4 illustrates a schematic block diagram of the 50 Both of these are difficult to design, especially on one 
apparatus in another aspect of the present invention, where integrated chip. This invention simplifies the requirements 
the subtracted signal has similar characteristics as the of both the analog filtering and the analog-to-digital con- 
unwanted receive signal in terms of both phase and ampli- verter so that it can be more easily implemented on a single 
tude. As in FIG. 2, the phone 120 is included within the integrated chip and so making the entire solution smaller and 
residence 118, as is the personal computer 122. The echo 55 dissipate less power and be more cost effective. Another 
reducing means generates a scaled replica of the transmit advantage could be to allow recharacterization to compen- 
signal phase synchronized with the transmit signal. sate for component and other variations in this system due 
Additionally, channel characterization means 162 character- to temperature, aging, manufacturing tolerances or changes 
izes the communications channel by generating a test signal in line impedance. 

to the transmitter and its digital-to-analog converter (DAC). 60 Many modifications and other embodiments of the inven- 

As illustrated, a digital signal processor 160 receives the test tion will come to the mind of one skilled in the art having 

signals and data input generated such as from the home the benefit of the teachings presented in the foregoing 

computer 122, as well as the data output from the analog- descriptions and the associated drawings. Therefore, it is to 

to-digital converter 134. The digital signal processor 160 be understood that the invention is not to be limited to the 

processes the data output and the lest signal, and creates a 65 specific embodiments disclosed and that the modifications 

digital model of the local echo such as generated by the test and embodiments are intended to be included within the 

signal, based on the amplitude and frequency, which are then scope of the dependent claims. 
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That which is claimed is: 

1. Ad apparatus for communicating over a communica- 
tions channel and having reduced undesired local echo, the 
apparatus comprising: 

a transmitter for generating a transmit signal to the 
communications channel in a frequency band outside a 
voice frequency band; 

a programmable scaler connected to said transmitter for 
generating a scaled replica of the transmit signal based 
upon a scale control signal; 

a receiver for receiving signals from the communications 
channel within or outside the voice frequency band and 
being susceptible to undesired local echo from the 
transmit signal, said receiver being connected to the 
scaler for reducing the undesired local echo by sub- 
traction of the scaled replica of the transmit signal; and 

echo reducing means for sensing received signal power 
and for generating the scale control signal and com- 
prising an encoder that generates the scale control 
signal based upon the received signal power and 
responsive to sensing a minimum received signal 
power to thereby reduce the undesired local echo. 

2. An apparatus according to claim 1 wherein said echo 
reducing means comprises rest means for testing the com- 
munications channel by inputting a predetermined test signal 
to said transmitter when an undesired signal power is being 
sensed. 

3. An apparatus according to claim 2 wherein said echo 
reducing means comprises power minimizing means for 
setting the scale control signal responsive to sensing a 
minimum received signal power during testing of the com- 
munications channel. 

4. An apparatus according to claim 1 wherein said 
receiver comprises: 

an amplifier having one input connected to the commu- 
nications channel and a second input connected to said 
scaler; and 

an analog-to-digital converter (ADC) connected to an 
output of said amplifier. 

5. An apparatus according to claim wherein said encoder 
is connected between an output of said ADC and said scaler. 

6. An apparatus according to claim 5 wherein said scaler 
comprises voltage scaling means for generating a scaled 
voltage replica signal. 

7. An apparatus according to claim 5 wherein said scaler 
comprises a resistor ladder for setting the scale control 
signal. 

8. An apparatus according to claim 7 wherein said resistor 
ladder comprises a plurality of tuning resistors, and respec- 
tive switches connected thereto; and wherein said switches 
are connected to and responsive to said encoder. 

9. An apparatus for communicating over a communica- 
tions channel and having reduced undesired local echo, the 
apparatus comprising: 

a transmitter for generating a transmit signal to the 
communications channel in a frequency band outside a 
voice frequency band; 

a scaler connected to said transmitter for generating a 
scaled replica of the transmit signal based upon a scale 
control signal; 

a receiver for receiving signals from the communications 
channel within or outside the voice frequency band and 
being susceptible to undesired local echo from the 
transmit signal, said receiver being connected to the 
scaler for reducing the undesired local echo by sub- 
traction of the scaled replica of the transmit signal, said 
receiver comprising: 
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an amplifier having one input connected to the com- 
munications channel and a second input connected to 
said scaler, and 
an analog-to-digital converter (ADC) connected to an 
5 output of said amplifier; and 

echo reducing means for sensing received signal power 
and for generating the scale control signal based upon 
the received signal power to thereby reduce the undes- 
ired local echo, said echo reducing means comprising 
10 test means for testing the communications channel by 
inputting a predetermined test signal to said transmitter 
when the received signal power is being sensed, said 
echo reducing means further comprising an encoder 
connected between an output of said ADC and said 
scaler. 

15 10. An apparatus according to claim 9 wherein said echo 
reducing means comprises power minimizing means for 
setting the scale control signal responsive to sensing a 
minimum received signal power during testing of the com- 
munications channel. 

20 11. An apparatus according to claim 9 wherein said scaler 
comprises voltage scaling means for generating a scaled 
voltage replica signal. 

12. An apparatus according to claim 9 wherein said scaler 
comprises a resistor ladder for setting the scale control 

25 signal. 

13. An apparatus according to claim 12 wherein said 
resistor ladder comprises a plurality of tuning resistors, and 
respective switches connected thereto; and wherein said 
switches are connected to and responsive to said encoder. 

30 14. An apparatus for communicating over a communica- 
tions channel and having reduced undesired local echo, the 
apparatus comprising: 

a transmitter for generating a transmit signal to the 
communications channel in a frequency band outside a 
35 voice frequency band; 

echo reducing means for generating a scaled replica of the 
transmit signal amplitude and phase synchronized 
therewith, said echo reducing means comprising a 
digital signal processor for creating a model of undes- 
40 ired local echo, and a memory operatively connected to 
said digital signal processor for storing a plurality of 
models relating to respective different characterizations 
of the communications channel, and channel charac- 
terization means operatively connected to the digital 
45 signal processor for characterizing the communications 
channel; and 

a receiver for receiving signals from the communications 
channel within or outside the voice frequency band and 
being susceptible to undesired local echo from the 

50 transmit signal, said receiver being operatively con- 
nected to the digital signal processor for reducing the 
undesired local echo by subtraction of the scaled and 
phase synchronized replica of the transmit signal, said 
receiver further comprising a summing amplifier hav- 

55 ing one input connected to said communications chan- 
nel and a second input connected to said digital signal 
processor. 

15. An apparatus according to claim 14 and further 
comprising an antialiasing filter. 
60 16. An apparatus according to claim 14 wherein said echo 
reducing means further comprises a digital-to-analog con- 
verter (DAC) connected to the second input of said summing 
amplifier. 

17. An apparatus according to claim 16 comprising a 
65 second digital-to-analog converter for the transmit signal 
that could be clocked at a different rate and has a different 
resolution. 


06/17/2004, EAST version: 1.4.1 


US 6,181,791 Bl 


11 


12 


18. An apparatus according to claim 14, further compris- 
ing an analog-to-digital converter (ADC) connected to said 
amplifier. 

19. An apparatus according to claim 18 further compris- 
ing a low pass filter connected between said amplifier and 
said ADC. 

20. An apparatus according to claim 14 wherein said 
channel characterization means further comprises means for 
generating a test signal. 

21. An apparatus according to claim 14 wherein said 
memory means comprises one or a combination of a ROM 
or RAM or non-volatile RAM. 

22. An apparatus for communicating over a communica- 
tions channel and having reduced undesired local echo, the 
apparatus comprising: 

a transmitter for generating a transmit signal to the 
communications channel in a frequency band outside a 
voice frequency band; 

echo reducing means for generating a scaled replica of the 
transmit signal amplitude and phase synchronized 
therewith, said echo reducing means comprising chan- 
nel characterization means for characterizing the com- 
munications channel, said echo reducing means com- 
prising a processor and memory means associated 
therewith for storing a plurality of models relating to 
respective different characterizations of the communi- 
cations channel; and 

a receiver for receiving signals from the communications 
channel within or outside the voice frequency band and 
being susceptible to undesired local echo from the 
transmit signal, said receiver being connected to the 
echo reducing means for reducing the undesired local 
echo by subtraction of the scaled and phase synchro- 
nized replica of the transmit signal; 

an amplifier having one input connected to the commu- 
nications channel and a second input connected to said 
echo reducing means; 

a first digital-lo-analog converter (DAC) connected to the 
second input of said amplifier; and 

a second digital-to-analog converter for the transmit sig- 
nal that could be clocked at a different rate and have a 
different resolution. 

23. An apparatus according to claim 22 and further 
comprising an antialiasing filter. 

24. An apparatus according to claim 22 further compris- 
ing an analog-to-digital converter (ADC) connected to said 
amplifier. 

25. An apparatus according to claim 24 further compris- 
ing a low pass filter connected between said amplifier and 
said ADC. 

26. An apparatus according to claim 22 wherein said 
channel characterization means further comprises means for 
generating a test signal. 

27. An apparatus according to claim 22 wherein said 
memory means comprises one or a combination of a ROM, 
or RAM, or non-volatile RAM. 


20 
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28. A method for communicating over a communications 
channel and with reduced undesired local echo, the method 
comprising the steps of: 

generating a transmit signal to the communications chan- 
nel in a frequency band outside a voice frequency band; 

generating a scaled replica of the transmit signal based 
upon a scale control signal; 

receiving signals from the communications channel with 
in or outside the voice frequency band and being 
susceptible to undesired local echo from the transmit 
signal, and while reducing the undesired local echo by 
subtracting the scaled replica of the transmit signal 
from the received signals; and 

sensing received signal power and generating the scale 
control signal based upon the received signal power 
while also encoding a digital signal from the received 
signals and controlling a resistor ladder responsive 
thereto to thereby reduce the undesired local echo. 

29. A method according to claim 28 wherein the step of 
reducing echo comprises the step of testing the communi- 
cations channel by inputting a predetermined test signal for 
transmission when the received signal power is being 
sensed. 

30. A method according to claim 29 wherein the step of 
reducing echo comprises the step of setting the scale control 
signal responsive to sensing a minimum received signal 
power during testing of the communications channel. 

31. A method for communicating over a communications 
channel with reduced undesired local echo, the method 
comprising the steps of: 

generating a transmit signal to the communications chan- 
nel in a frequency band outside a voice frequency band; 

generating a scaled replica of the transmit signal ampli- 
tude and phase synchronized therewith, the generating 
step comprising characterizing the communications 
channel; and 

receiving signals from the communications channel 
within or outside the voice frequency band and being 
susceptible to undesired local echo from the transmit 
signal, and while reducing the undesired local echo by 
subtraction of the scaled and phase synchronized rep- 
lica of the transmit signal, while also generating a clock 
speed in a transmit digital-to-analog converter at the 
same or a different clock rate than a cancellor digital- 
to-analog converter with the same or a different reso- 
lution. 

32. A method according to claim 31 wherein the step of 
generating the scaled replica comprises generating same 
using a processor and creating a model of the undesired local 
echo path therewith. 

33. A method according to claim 32 wherein the step of 
channel characterization comprises generating a test signal. 

34. A method according to claim 33 wherein the step of 
generating the replica signal comprises storing a plurality of 
models relating to respective different characterizations of 
the communications channel. 
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